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Requirements (my opinion)
• Input files should be manageable: 

• Small size


• Fast to run over


• Easy to understand for non-experts in simulation/reconstruction


• The analysis framework should be decoupled as much as possible 
from the much heavier simulation/reconstruction frameworks


• Easy to install and compile


• Easy to extend


• Suitable for independent releases


• It should be possible to run the analysis and to do plots in a laptop, in 
Linux and MacOS


• It should be possible to run the analysis without network connection
2
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HighLAND analysis framework
•HighLAND 

•High Level Analysis at a Neutrino Detector


•High Level Analysis Development


• HighLAND has been crucial for T2K near detector analyses


• Has decreased considerably the learning curve and speed up 
analysis development


•Highly optimized, thread safe, compiled c++ code and run on the 
shell command line (not as root macro)


• Very compact set of packages: 1 minute to download and 5 
minutes to compile


• Adapted to DUNE from the T2K near detector


• A working prototype exists (see later)
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What HighLAND provides
•General analysis tools 

• Event loop


• Tools for multiple simultaneous event selections


• Tools for numerical systematic error propagation


• Tools for drawing the analysis results


• Event display 

•Data Reduction functionality. Example:


• LArSoft --> MiniTree --> MicroTree --> NanoTree


• Tools for incorporating specific analyses into the framework


• Extensible event data model


• Hierarchy of analyses depending on each other 
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Analysis flow
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Apply corrections

Apply event variations

Apply event selection cuts

Compute event weights

event loop
toy exp. 

loop

Drawing Tools

Event

Input File

Modify the event (only nominal values) to account 
for well known residual data-MC differences.

Covert input format into HighLAND event model 
with InputConverter’s

Output File

Final Plots

Use HighLAND drawing functionality in ROOT 
macro or ROOT command lineHighLAND

Modify the event to account for detector/flux/
physics uncertainties that affect the selection 

Can be input for oscillation, x-section, ... fitters
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Elements and support
• Repository: A prototype version has been installed in a gitLab 

repository in Valencia  

• Building system: To have a smooth transition from T2K we keep 
CMT for the moment. This is a very light package that can be 
obtained (automatically) from the same git repository 

• Bug tracking: also redmine. Nothing there yet !!! 

• Validation: Jenkins continues integration tests will be used at some 
point 
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Documentation

• Includes a link to the Doxygen documentation
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https://cdcvs.fnal.gov/redmine/projects/highland/wiki

https://cdcvs.fnal.gov/redmine/projects/highland/wiki
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HighLAND installation
• This is an screen capture of


• Please try, and if you have any problems email me 
(acervera@ific.uv.es) or submit an issue to redmine
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https://cdcvs.fnal.gov/redmine/projects/highland/wiki/install

https://cdcvs.fnal.gov/redmine/projects/highland/issues

mailto:acervera@ific.uv.es
https://cdcvs.fnal.gov/redmine/projects/highland/wiki/install
https://cdcvs.fnal.gov/redmine/projects/highland/issues
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Status
• HighLAND was implemented for DUNE in 2016 and some analysis 

were done with MCC7. Talks at previous meetings: 

• FD sim/reco 23/11/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=10882

• LBL 24/11/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=10861 

• S&C 15/12/2015: https://indico.fnal.gov/conferenceDisplay.py?confId=11030

• DUNE CM, 14/09/2016, https://indico.fnal.gov/event/10613/session/18/contribution/52/material/slides/0.pdf

• PD meas/ana 13/10/2016: https://indico.fnal.gov/event/13110/

• DUNE CM 24/01/2017: https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf


• 2017-2018 busy years with ProtoDUNE hardware


• Since summer 2018 we are updating highland to work with root6


•Minimal changes except in the reader of LArSoft files


• The code compiles and runs


•Main problem are the tools for drawing in an interactive root 
session:


• because root cint have changed 
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http://www.apple.com
https://indico.fnal.gov/conferenceDisplay.py?confId=10861
https://indico.fnal.gov/conferenceDisplay.py?confId=11030
https://indico.fnal.gov/event/10613/session/18/contribution/52/material/slides/0.pdf
https://indico.fnal.gov/event/13110/
https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf
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Reading the LArSoft file
• Using root TFile::MakeProject the art classes headers are recreated


• So we don’t need art nor LArSoft to read the LArSoft file
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Reading the LArSoft file
•We read the “Events” tree in a LarSoft file


• Disable all branches we are not interested in to gain in speed
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HighLAND event model
• LArSoft info is extracted and saved into the HighLAND event model


• This is the current event model, which can be easily modified
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AnaParticleBAnaVertexB AnaTrueVertexB AnaTrueParticleB

AnaRecObjectC AnaTrueObjectC

AnaBeamB

AnaDataQualityB

AnaEventInfoB

AnaEventB

AnaEventC

inherits

has one

has several



Anselmo Cervera Villanueva, IFIC-Valencia

Track and shower info
• This is the method to fill the AnaParticle’s (track/shower)
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There is a method in LArSoft 

to do this. We had to reproduce that 

method inside HighLAND 
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Data Reduction functionality
• LArSoft files are way too big 

• I don’t have much experience with them but getting them and 
running on them is not easy


•Most information in those files is not needed for the analysis


• The analysis should proceed on files that are manageable 

• Small size


• Fast to run over


• Easy to understand for non-experts in simulation/reconstruction


• HighLAND can read LArSoft files and produce two other file types, 
much smaller and simpler


• Those files can be used as input for HighLAND analyses 
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Data Reduction functionality
• The event model can be dumped into a root file in two ways:


• MiniTree: The class AnaEvent is saved


• Pros: Does not need maintenance, changes en the event model 
are automatically propagated   

• Cons: Not very easy to navigate


• FlatTree: Similar to the DUNE AnaTrees. The user decides the objects 
that are saved in the tree and the name of the variables. The output is 
a flat tree with basic type variables: double, float, int, char, and 
vectors of them.


• Pros: Very easy to navigate   

• Cons: Difficult to maintain. Need to propagate changes in event 
model


• Both have similar size and running speed
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Running directly on LArSoft files
• A list of LArSoft files in a text file: file.list


• Run the example example over that list in dunegpvm03.fnal.gov


• This is the final output on the screen

17

40 minutes for 230 events

~50 GB for 230 events

most time expended in reading the file
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MiniTree
• First create a MiniTree from the same list


• The MiniTree is much smaller than the initial LArSoft files and can be 
easily transferred to a laptop


• Now running the analysis is much faster
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takes 40 minutes

2 seconds for 230 events (a factor 1000)

~20 MB (a factor 5000)
most space taken by truth info. 

(More than 500 particles/event )
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Summary of data reduction

• The MiniTree does not contain yet all info needed for the analysis but 
I don’t think it will be much larger. Current info: 


• True Particles and True Vertices


• All reconstructed tracks and showers, and the link to the 
corresponding True Particle. 


•No hits
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LArSoft MiniTree Factor

File size 50 GB 20 MB 5000

processing time 2200’’ 2’’ 1000
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Drawing tools
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ProtoDUNE example
• An example exists in the git repository: protoDuneAnalysisExample 

package. Documentation exists in redmine. The package contains: 


• stoppingKaonSelection


• dEdxCorrection, dEdxVariation (systematic)


• Selection of 1 GeV/c beam kaons stopping in the detector 


• It was tested using MCC7
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Event Selection
• A selection is a collection of steps (cuts or actions)


• Each selection inherits from SelectionBase, which has a main 
mandatory method DefineSteps 

• Each step inherits from StepBase and implements the method Apply

22

stoppingKaonSelection
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Running and plotting the example
• To run the example
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RunProtoDuneAnalysisExample.exe -o kaon_1gev.root  input.root

input fileoutput file

(MicroTree) LArSoft


FlatTree

MiniTree



Anselmo Cervera Villanueva, IFIC-Valencia

Track multiplicity
• About 95% of events have at least one reconstructed track


• 1-4 reconstructed tracks is typical


•When >0 tracks, color indicates true particle associated with kaon 
candidate track in the event (see next)

24

root commands to do the plot
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Kaon candidate track
• Kaon candidate track defined as track starting most upstream 

(lowest z)


•With this definition, kaon candidate associated to true kaon only 
~50% of the times


• Partly because kaon decays or interacts before reaching the 
active volume (z>0) in ~30% of the simulated events
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Fraction of stopping kaons and range cut
•Only ~10% of the events have a kaon stopping in the active volume


• Require ~200 cm range tracks to select all correctly reconstructed 
kaons decaying at rest
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Multiplicity cut
• In addition to track range, >1 track requirement further improves 

kaon decay at rest selection


• Reason: tracks from kaon daughters are expected
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The PIDA variable

28

in black 
recomputed PIDA

The recomputed PIDA is narrower because we have used all 3 wire planes, 
while the one in the AnaTree only use one

before cuts

Averaged over all hits with residual range R<30
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The PIDA cut

29

root commands to do the plot

the code for the cut

accum_level>2 means events passing cut 2 

(>0 tracks, range cut, >1 track)
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Efficiency and purity

30

99.9%

9%

root commands to do the plot



Additional  functionality: 
Corrections,  
Systematics, 
Event display, 

Analysis hierarchy 
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Corrections
• Correct a well known data MC difference to reduce the 

corresponding systematic


• Example: dEdxCorrection 

• Scales the dEdx of each hit by the correction factor and 
recomputes PIDA

32

correction
error on  

correctionbins of PDG

data/dEdx.dat

PIDA

corrected

raw
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Systematics
• full systematic propagation functionality is one of the main 

HighLAND benefits


• Systematic are propagated numerically by multiple throws (toy 
experiments)


• Two type of systematics:


• Event Variations:  Modify the input data


• Event Weights:  Just a global weight for the event
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dEdxVariation systematic
• The error on the correction is the systematic


• 100 toy experiments. Each toy applies a different correction factor to 
all hits. Then PIDA is recalculated
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correction
error on  

correctionbins of PDG

PIDA

with 
systematic

corrected
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The different levels
• The three levels are available in the HighLAND output file
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raw PIDA corrected  PIDA systematic propagated  
PIDA

corrected

single value for each event single value for each event 100 values for each event
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Effect on the selection
•When the PIDA cut is applied the dEdx systematic has an effect on 

the number of selected events


• Integrated:  0.3% 

• Differential:  < 3%

36

for events passing all cuts, including PIDA

differential error < 3%
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HighLAND event display

37

Secondary kaons from hadronic interactions A. Izmaylov
https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf

https://indico.fnal.gov/event/10641/session/12/contribution/81/material/slides/0.pdf
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A hierarchy of analyses

• In most cases packages down in the hierarchy perform selections 
that are subsamples of the packages above


• But this is not mandatory, you can just use functionality from another 
package 
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numuCCAnalysis

baseAnalysis

....

baseTrackerAnalysis baseP0DAnalysis

nueCCAnalysis

antiNumuCCAnalysis numuCCMultiPiAnalysis numuCCZeroPiAnalysis

numuCCMultiTargetAnalysis

gammaAnalysis numuDISKaonAnalysis ....

only few 
packages 

shown here 
(>20)

Analysis hierarchy in T2K ND



The path forward 
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Next steps
• The next step should be to export an existing ProtoDUNE-SP 

analysis from LArSoft to HighLAND and try to reproduce the results


• Using data and MCC10


• Try to solve the issue related to root6 cint


•Migrate to cmake


• Improve documentation
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Systematics
• Systematics are propagated numerically using toy- experiments 

(pseudo-experiments or virtual analyses)


• Each toy-experiment is defined by a set of random throws (one for 
each systematic parameter)


• The covariance of the number of events selected in a given bin is 
computed in the usual way:
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